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Background:  Spontaneous  hepatocellular  carcinoma  (HCC)  rupture  is a fatal  complication  of  primary  liver
cancer and  is  associated  with  poor  surgical  outcomes.  Whether  emergency  hepatectomy  or staged  hep-
atectomy should  be  performed  in  the  situations  of  a spontaneous  rupture  for  resectable  HCC need  to  be
investigated.
Methods:  Between  January  2005  and  December  2014,  131  patients  with  HCC  ruptures  received  emergency
or  staged  hepatectomy  in  our hospital  and  were  included  in  this  study.  We  retrospectively  compared  the
postoperative  morbidity  and  mortality,  overall  survival  (OS),  and  disease-free  survival  (DFS)  of patients
who  received  emergency  or staged  hepatectomies.  Independent  prognostic  predictors  were  identiﬁed
using  the  Cox  multivariate  regression  analysis.
Results: Emergency  hepatectomy  could  be performed  for  successful  surgical  hemostasis  and  radical  tumor
resection.  However,  the  in-hospital  mortality  rate  was  11.0%,  which  correlated  with  INR,  liver  function,
shock,  blood  transfusion,  and  aggressive  treatment  by  emergency  hepatectomy  (P < 0.05).  Conversely,
the  1-,  3-, and 5-year  overall  survival  rates  of  ruptured  HCC  patients  with  staged  hepatectomy  were
82.8%,  55.2%,  and  41.4%;  and  the disease-free  survival  rates  were  70.7%,  44.8%,  and  27.6%, respectively.
The  overall  survival  and  disease-free  survival  of  staged  hepatectomy  group  were  longer  than  that  of
emergency  hepatectomy  group (P  = 0.034,  P = 0.019).  Multivariable  analyses  of HCC  ruptures  patients
indicated  that  tumor  sizes  more  than  10 cm and  multiple-nodule  tumors  were  independent  predictors
of  poor  long-term  survival.
Conclusions:  Though  they  carry  some  risk, emergency  hepatectomy  is  still  an important  means  of  treat-
ment for  spontaneous  HCC  ruptures.  For  resectable  HCC  ruptures,  emergency  hepatectomy  or  staged
hepatectomy  are  life-saving  procedures,  and  efﬁcient  therapeutic  methods.  After  the  initial  hemosta-
sis,  staged  liver  resection  can often  help  patients  achieve  better  long-term  survival  than  emergency
hepatectomy.
© 2016  The  Authors.  Published  by Elsevier  Ltd on behalf  of  Editrice  Gastroenterologica  Italiana  S.r.l.
ticle  uThis  is an open  access  ar
. Introduction
Spontaneous tumor ruptures are a more common and serious
ife-threatening complication of hepatocellular carcinoma (HCC)
n Asia. They are also one of the more common clinically acute
bdomen diseases, with an incidence rate of 5–26%, a mortality rate
p to 25–75%, and about 6–10% mortality of primary liver cancers
n China [1,2]. Moreover, spontaneous tumor rupture may  produce
∗ Corresponding author. Fax: +86 731 84327332.
E-mail addresses: douglasou@126.com (D. Ou), yh727888@126.com (H. Yang),
engzhijun53@126.com (Z. Zeng), lianyueyang@hotmail.com (L. Yang).
ttp://dx.doi.org/10.1016/j.dld.2016.04.016
590-8658/© 2016 The Authors. Published by Elsevier Ltd on behalf of Editrice Gastroent
http://creativecommons.org/licenses/by-nc-nd/4.0/).nder  the  CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
a spillage of tumor cells in the peritoneal surface [3,4] with possible
seeding and multiple nodule growth. Nazario et al. reported that in
Parietal and peritoneal localizations of hepatocellular carcinoma,
a previous spontaneous rupture was  present in 14.3% of cases [5].
Since the onset of this acute dangerous disease has a high recur-
rence and poor prognosis, clinicians often experience dilemmas
with their emergency treatment.
Surgical partial hepatectomy has been considered the pre-
ferred treatment for HCC ruptures, and has become safer and
more effective in recent years with the improvement of surgical
techniques and perioperative care. Existing studies [6] show that
emergency hepatectomy is a feasible intervention for spontaneous
HCC ruptures, but surgeons are often worried about the prospect of
erologica Italiana S.r.l. This is an open access article under the CC BY-NC-ND license
Liver D
p
t
i
t
h
p
t
p
c
e
h
h
t
l
r
l
p
r
t
s
e
1
t
2
2
w
D
U
l
T
b
i
a
u
n
d
m
i
g
a
t
i
t
t
f
w
w
o
m
o
[
2
w
t
a
bD. Ou et al. / Digestive and 
erforming emergency hepatectomy. This is because of the spon-
aneous nature of these HCC ruptures, which prevents detailed
nformation and functional reserves of the liver to be collected prior
o the rupture, and liver function will also be aggravated due to
emorrhagic shock.
Once the technique is feasible, partial hepatectomy, whether
erformed in an emergency or staged operation, is an effec-
ive treatment for spontaneous HCC ruptures in circulation stable
atients, and achieves a long-term survival rate [7,8]. Recent
hanges in surgical management trends are moving away from
mergency hepatectomies and toward TAE followed by staged
epatectomies [9,10]. However, whether emergency or staged
epatectomies should be adopted for HCC ruptures, as well as
he effects by different surgical methods on perioperative and
ong-term outcomes have rarely been investigated. In addition, it
emains unclear how spontaneous HCC ruptures affect short- and
ong-term outcomes by different partial hepatectomies.
Here we performed a retrospective analysis in which the
atients with spontaneous HCC ruptures underwent partial liver
esections in our hospital. In order to clarify the morbidity and mor-
ality of their partial hepatectomies and the inﬂuence of them on
hort- and long-term survival in patients with HCC ruptures after
mergency or staged hepatectomies. We  conducted this study of
31 consecutive patients to determine the efﬁcacy of HCC ruptures
reatment.
. Patients and methods
.1. Patients
From January 2005 to December 2014, 73 consecutive patients
ith HCC ruptures underwent emergency hepatectomy at the
epartment of Surgery, Xiangya Hospital of the Central South
niversity were included in this study (800 cases of elective
iver resection are performed every year in Xiangya Hospital).
he diagnosis of spontaneous tumor ruptures were established
y the clinical symptoms and signs, laboratory tests, and imag-
ng studies. The most common symptoms of HCC ruptures are
cute abdominal pain and shock. Imaging modalities such as
ltrasonography (US), computed tomography (CT) and/or mag-
etic resonance imaging (MRI) can improve the rate of clinical
iagnosis of HCC ruptures. Abdominal paracentesis is a reliable
eans of conﬁrming the diagnosis. However, some cases are still
nitially diagnosed on emergency exploratory laparotomy. Emer-
ency partial hepatectomy was deﬁned as hepatectomy performed
fter hemostasis and the recovery of liver function from the ini-
ial rupture episode. The clinicopathologic data of these patients,
ncluding demographics, liver function status, tumor characteris-
ics, and treatment outcomes were reviewed and compared with
he other 58 patients who received TAE and staged hepatectomy
or HCC ruptures during the same period. All resected specimens
ere examined pathologically, and the diagnosis for each patient
as conﬁrmed by histopathology. Prior informed consent was
btained, and the study protocol was approved by the Ethics Com-
ittee of Xiangya Hospital. The severity of liver disease (stage
f ﬁbrosis) was evaluated according to the criteria of Desmet
11].
.2. Acute management of spontaneous tumor rupture
The initial steps for the acute management of HCC ruptures
ere to ensure a stable circulation of patients. Active resusci-
ation with intravascular ﬂuid, component transfusion of blood,
nd supportive measures were instituted in patients with unsta-
le hemodynamics, who were monitored closely in the emergencyisease 48 (2016) 934–939 935
ward. With this initial conservative treatment, the bleeding would
stop spontaneously in the majority of patients. If bleeding contin-
ued, emergency transcatheter arterial embolization (TAE) would be
used for hemodynamically unstable patients. Under angiography,
the tumor-feeding artery was identiﬁed and embolized by small
absorbable gelatin sponge particles. Emergency laparotomy was
reserved only for ruptured tumors with refractory bleeding after
non-surgical treatments.
2.3. Emergency hepatetomy after tumor rupture
The selection criteria for emergency hepatectomy are as follows:
good cardiopulmonary and renal function, Child A cirrhosis, platelet
count >100 × 109/L, indocyanine green retention rate ≤15%, and
good general condition. Anatomical resection was the preferred
type of resection and all operations were performed within 3 days
from the time of rupture, but the main portal vein thrombosis
and distant metastasis were considered contraindications for emer-
gency partial hepatectomy.
During emergency partial hepatectomy, the Pringle maneuver
was used with cycles of clamp/unclamp times of 15/5 min. Once the
removal of clots from the peritoneal cavity and the hematoma were
clean, the resectability and the range of the liver was  supposed in
order to get a clear judgment. A distinct resection margin of more
than 1 cm was  requested if it was possible. According to the loca-
tion and size of tumor growth, 73 cases of bleeding in patients with
HCC ruptures were given the left lateral hepatectomies, left hepa-
tectomies, right hepatectomies, mesohepatectomies, and irregular
or partial hepatectomies. After emergency partial hepatectomies,
peritoneal lavage was performed more than three times with dis-
tilled water (5000 ml), and 5-ﬂuorouracil (500 mg)  was left in the
peritoneal cavity at the end of the operation to eradicate tumor
cells that had dispersed into the abdominal cavity during rupture
[8,12].
2.4. Staged hepatectomy after hemostasis spontaneously or TAE
Emergency hepatectomy refers to the direct performance of
surgery for patients with HCC ruptures in 3 days, whereas staged
hepatectomy was deﬁned as hemostasis by TAE, followed by the
resection of the liver lesion 7 days later. For patients with resectable
HCCs whose bleeding had stopped either spontaneously or at
TAE, their staged hepatectomies were carried out 2–6 weeks after
the episode of spontaneous rupture, when the patient had sub-
stantially recovered. The liver resection methods included wedge
hepatectomy, segmentectomy, lobectomy, mesohepatectomy, and
hemihepatectomy. According to their clinical judgment and per-
sonal experience, the surgeons would select which procedure was
suitable to perform. Hematoma evacuation and peritoneal lavage
were necessary in all staged hepatectomies.
2.5. Follow-up and prognostic study
Follow-up data was obtained by direct communication with
patients through telephone, outpatient doctor’s visits after surgery.
All patients were regularly monitored with surveillance for the
recurrence and metastasis by using clinical examinations, recor-
ding AFP levels, and ultrasonography. Contrast-enhanced CT
scans were conducted every 3 months for the ﬁrst 2 years and
every 6 months thereafter. Additional imaging techniques (MRI,
bone scintigraphy) were performed if recurrent HCC was  sus-
pected. Tumor recurrence was  deﬁned as a new lesion with
arterial enhancement and portal venous washout on CT or MRI
scans.
The follow-up period was  deﬁned as the interval between the
date of operation and the date of patient death. The disease-free
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Table 1
Clinical and pathological characteristics for HCC after emergency hepatectomy and HCC after staged hepatectomy.
Clinicopathological variables Emergency (N = 73) Staged (N = 58) P value
Gender (male) 59 (80.8%) 45 (77.6%) 0.669
Age,  y (range) 52 (29–77) 57 (31–81) 0.423
HBsAg positive (%) 56 (76.7%) 46 (79.3%) 0.833
AFP  positive (%) 46 (63.0%) 35 (60.3%) 0.857
Hemoglobin, g/dL 10.2 (7.1–11.4) 11.4 (7.6–15.8) 0.091
Platelets (×109/L) 161 (76–258) 175 (64–312) 0.801
INR  1.27 (1.05–1.79) 1.09 (0.85–1.34) 0.035
Creatinine, mol/L 132 (58–273) 116 (54–224) 0.593
BUN,  mg/dL 23 (6–32) 16 (6–24) 0.082
Albumin, g/L 33 (29–41) 36 (28–46) 0.148
Total  bilirubin, mol/L 19.4 (3.8–29.4) 12.8 (4.3–20.2) 0.042
ALT,  /L 55.8 46.5 0.038
AST,  /L 83.6 52.8 0.017
Shock on presentation (%) 37 (50.7%) 25 (43.1%) 0.481
Cirrhosis presence 48 (65.8%) 37 (63.8%) 0.855
Child–Pugh Score, A stage 61 (83.6%) 47 (81.0%) 0.818
Tumor size, cm (range) 10 (4–23) 11 (6–25) 0.734
Capsular formation, present (%) 31 (42.5%) 24 (41.4%) 0.900
Tumor nodule number, solitary 1 (1–3) 1 (1–3) 0.885
Edmondson-Steiner Stage, I–II 26 (35.6%) 23 (39.7%) 0.717
Vein  invasion, presence 38 (52.0%) 29 (50.0%) 0.816
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dCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; AFP, alpha-fe
minotransferase; AST, aspartate aminotransferase; TNM, tumor node metastasis.
 value were derived from the Mann–Whitney U test, the 2 test, and Fisher’s exact
urvival was deﬁned as the length of time after hepatic resection
or HCC during which a patient survives with no evidence
f HCC. The conduct of surgery and research was  in accor-
ance with the ethical standards set by the Declaration of
elsinki.
.6. Statistical analysis
Continuous variables were expressed as mean ± standard devi-
tion and compared using the independent-samples t test.
ategorical variables were compared as needed using the 2 test
r Fisher exact test. Overall survival and disease-free survival
ere examined by the Kaplan–Meier method, and differences were
ssessed by the log-rank test. Cox proportional hazard regres-
ion analysis was used to identify independent prognostic factors.
 < 0.05 was considered to be statistically signiﬁcant. All statistical
nalyses were performed using statistical software (SPSS 19.0 for
indows, SPSS, Chicago, IL).
. Results
.1. Clinicopathologic characteristics of all patients with HCC
uptures
The clinical and pathologic parameters of 131 patients with
CC ruptures who underwent emergency or staged liver resection
re shown in Table 1. Of all patients, there were 104 (79.4%)
ales and 27 (20.6%) females, and the median age was 56.4 (age
ange 29–74) years. Among them, 102 patients (77.9%) were HBsAg
ositive, and 85 patients (64.9%) were associated with different
xtents of liver cirrhosis. The preoperative liver function, accord-
ng to the Child–Pugh classiﬁcation, was categorized as Child–Pugh
 (108 patients) and Child–Pugh B (23 patients). No patients
ated as Child–Pugh C were offered liver resection in this study
ecause of the surgical contraindications. 55 patients (42.0%) were
resented with capsular or pseudo capsular formation, and 67
atients (51.1%) were identiﬁed with portal vein or hepatic vein
nvasions. 62 patients (47.3%) went into shock, and the size of
he tumors in this group were 9.3 ± 1.5 (range 4.0–25.0) cm in
iameter.ein; INR, international normalized ratio; BUN, blood urea nitrogen; ALT, alanine
P < 0.05 was considered signiﬁcant.
3.2. Emergency hepatectomy and 30-day survival in patients
with HCC ruptures
In this group of emergency hepatectomy patients, the mean
blood loss was 650 ml  (range 500–2600 ml)  and intraoperative
blood loss was 200 ml  (range 150–450 ml). Intraoperative blood
transfusion were 560 ml  (range 200–1800 ml), in which 27 cases
did not need a blood transfusion. The success rate of surgical
hemostasis and tumor resection were 100%, with tumor R0
resection rate at 91.8%. The mean operating time was 125 min
(range 70–165 min), the mean tumor maximum diameter was
9.3 cm (range 4–25 cm), and postoperative pathological diagnoses
were HCC in all patients. A total of eight cases of patients died
within 30 days postoperatively, and the in-hospital mortality
rate was  11.0% (Table 2). Three of these patients died from gas-
trointestinal or intraabdominal rebleeding due to coagulation
disorders within one week postoperatively, 4 from hepatorenal
syndrome within 3 weeks, and 1 from liver failure and multiple
organ dysfunction syndrome (MODS) within 4 weeks. The most
common complications of emergency hepatectomy patients,
were wound infections, pulmonary infections, ascites, hepatic
encephalopathies, bile leakages, perihepatic abscesses, and liver
dysfunctions. All these patients fully recovered after infusion of
albumin or diuretic, wound management, and drainage.
3.3. Comparison of long-term survival outcomes between
emergency and staged hepatectomy patients
The 1-, 3-, and 5-year overall survival rates of emergency hep-
atectomy group were 72.6%, 41.1%, and 23.3%, respectively. The
1-, 3-, and 5-year disease-free survival rates of this group were
63.0%, 26.0%, and 10.9%, respectively. The median survival time
was 32.6 months. In this group, HCC recurrence developed in 57/73
patients (78.1%), and the intrahepatic recurrence was 27 patients
(47.4%). Abdominal organ metastasis occurred in 8 patients (14.0%),
lung metastasis in 7 patients (12.3%), bone metastasis in 3 patients
(5.3%), and lymph node metastasis in 12 patients (21.1%).In the staged hepatectomy group, the 1-, 3-, and 5-year overall
survival rates of emergency hepatectomy group were 82.8%, 55.2%,
and 41.4%, respectively. The 1-, 3-, and 5-year disease-free
survival rates of this group were 70.7%, 44.8%, and 27.6%,
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Table  2
Comparison of perioperative data of ruptured HCC patients between emergency
hepatectomy and staged hepatectomy.
Data Emergency
hepatectomy
(N = 73)
Staged
hepatectomy
(N = 58)
P value
Type of surgical
resection
0.126
Minor resection 56 35
Hemihepatec-
tomy
12 17
Mesohepatec-
tomy
5 6
Surgical resection
margin (cm)
0.847
≤1.0 22 16
>1.0 51 42
Time on operation
(min)
125 (40–146) 129 (38–152) 0.609
Time for inﬂow
occlusion (min)
37 (14–48) 35 (13–51) 0.735
Blood loss (ml) 850 (200–2900) 496 (200–1500) <0.001
≤1000 28 51
>1000 45 7
Blood transfusion
(ml)
560 (200–1800) 140 (200–600) <0.001
Without 27 47
With 46 11
30-day death (%) 8 (11%) 0 <0.001
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Table 3
Univariate analysis of the parameters affecting 30-day mortality of patients with
HCC ruptures after emergency hepatectomy.
Variables Univariable analysis
HR (95% CI) P value
Gender (male vs. female) 0.578 (0.132–2.011) 0.641
Age  (≤60 vs. >60) 0.647 (0.121–2.313) 0.622
HBsAg (negative vs. positive) 0.911 (0.311–2.235) 0.432
INR  2.018 (1.218–4.522) 0.023
AFP level (ng/ml, ≤20 vs. >20) 0.831 (0.271–2.153) 0.348
Cirrhosis (presence vs. absence) 1.412 (0.567–2.352) 0.334
Child–Pugh Score (grade A vs. B) 1.435 (1.026–2.121) 0.038
Shock (presence vs. absence) 2.112 (1.211–4.265) 0.014
Tumor size (>10 vs. ≤10 cm) 1.672 (0.832–3.212) 0.081
Tumor nodule number (solitary vs.
multiple)
0.641 (0.195–1.032) 0.064
Edmondson-Steiner Stage (I–II vs.
III–IV)
0.587 (0.315–1.322) 0.087
Vein invasion (Presence vs. Absence) 2.113 (0.896–5.412) 0.071
Surgical resection margin (≤1.0 vs.
>1.0 cm)
1.481 (0.652–3.132) 0.423
Blood loss (≤1000 vs. >1000 ml)  0.351 (0.226–2.435) 0.431
Blood transfusion (without vs. with) 1.831 (1.121–4.358) 0.022
Major complications (presence vs.
absence)
1.224 (0.861–2.532) 0.074
Emergency hepatectomy (without vs.
with)
0.531 (0.241–0.876) 0.031
F
aMajor
complications (%)
9 (12.3%) 4 (6.9%) 0.014
Hospital stay (days) 17 ± 6 22 ± 8 0.043
espectively. The median survival time was 45.7 months. HCC
ecurrence and metastasis developed in 43/58 patients (74.1%), the
ntrahepatic recurrence was 50%, and the peritoneal recurrence
ate was 13.8%. There were no signiﬁcant differences compared
ith the emergency hepatectomy group (P = 0.269). But overall
urvival and disease-free survival in the ruptured HCC between
mergency and staged hepatectomy group were signiﬁcantly
ifferent (P = 0.034, P = 0.019; Fig. 1A and B).
.4. Impact of emergency and staged hepatectomy on outcomes
f HCC ruptures
Comparing of emergency liver resection and staged hepate-
tomy, we found that all in-hospital mortality occurred in the
ig. 1. Overall survival (A) and disease-free survival (B) in the patients with HCC ruptur
re  shown for this cohort.AFP, alpha-fetoprotein; HR,  hazard ratio; CI, conﬁdence interval. Bold values indicate
statistically signiﬁcance (P < 0.05)
emergency hepatectomy group. We analyzed patient demograph-
ics, clinical and laboratory data, and tumor characteristics of this
group, which correlated with in-hospital mortality. Table 3 shows
the results of the univariate analysis of the parameters affecting
30-day mortality. Five clinical characteristics or biochemical fac-
tors showed signiﬁcance with respect to 30-day mortality: INR,
liver function, shock, blood transfusion, and aggressive treatment
by emergency hepatectomy (P < 0.05).
Variables that might affect the overall survival of ruptured HCC
patients after curative hepatic resection were analyzed in this
study. In univariate analysis, we  found that patients with cirrho-
sis, tumor size more than 10 cm,  multiple nodule tumor, blood
transfusion, and vascular invasion had poor overall survival rates
than those without these variables (P < 0.05, Table 4). However, in
the multivariate analysis, the tumor size (HR = 1.562, P = 0.026) and
es between emergency hepatectomies and staged hepatectomies. Separate curves
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Table 4
The Cox proportional hazard regression analyses for overall survival (OS) of patients with HCC ruptures.
Variables Univariable analysis Multivariable analysis
HR (95% CI) P value HR (95% CI) P value
Gender (male vs. female) 0.324 (0.137–1.986) 0.422
Age  (≤60 vs. >60) 0.563 (0.122–4.213) 0.547
HBsAg (negative vs. positive) 0.985 (0.142–3.532) 0.732
Cirrhosis (presence vs. absence) 1.829 (1.231–3.152) 0.031 1.753 (0.794–2.973) 0.067
Child–Pugh Score (grade A vs. B) 1.341 (0.526–2.621) 0.442
AFP  level (ng/ml, ≤20 vs. >20) 0.884 (0.198–3.225) 0.520
Tumor size (>10 vs. ≤10 cm) 1.625 (1.087–2.972) 0.036 1.562 (1.132–3.411) 0.026
Tumor nodule number (solitary vs. multiple) 1.198 (1.007–3.212) 0.018 1.579 (1.158–4.591) 0.023
Edmondson-Steiner Stage (I–II vs. III–IV) 1.972 (0.752–3.623) 0.093
Vein invasion (presence vs. absence) 0.476 (0.108–0.897) 0.025 0.511 (0.201–1.114) 0.059
Surgical resection margin (≤1.0 vs. >1.0 cm)  1.133 (0.291–2.346) 0.258
Blood loss (≤1000 vs. >1000 ml)  1.978 (1.125–4.632) 0.032 1.334 (0.876–2.325) 0.072
Blood  transfusion (without vs. with) 1.312 (0.606–2.031) 0.425
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aMajor complications (presence vs. absence) 1.088 (0.768–2.035) 
FP, alpha-fetoprotein; HR, hazard ratio; CI, conﬁdence interval. Bold values indica
umber of tumor nodules (HR = 1.579, P = 0.023) were independent
redictors of postoperative survival (Table 4).
. Discussion
Southeast Asia is an area with high incident rate of primary
iver cancers. Spontaneous HCC rupture is a common and serious
omplication of primary liver cancer. Characterized with rapid pro-
ression of the disease and high mortality, its emergency diagnosis
nd treatment have also been considered as an important problem
n clinical surgery. Spontaneous tumor rupture is mainly decided
y the growth characteristics of the tumor. The mechanism has not
een fully illuminated upon, however, combined with the literature
13] analysis, the pathogenesis of HCC ruptures may  be associated
ith these factors: expansive growth and intratumoral pressure
n HCC ruptures that may  cause tumor vein compression and con-
estion. The rapid growth of tumors results in insufﬁcient blood
upply to tumors in vivo, causing tumor hypoxia ischemia to occur
nd a large amount of necrosis to form. The presence of a tumor
n the surface of the liver (or a relatively superﬁcial location) caus-
ng its envelope to be fragile and easy to crack. Alternatively, liver
ysfunction caused by coagulation disorders, liver cirrhosis, and
ortal hypertension leads to the increase of artery and vein pres-
ure in the liver, the thinning of the vascular wall, and accelerates
leeding from an HCC.
According to the AJCC TNM stage, the spontaneous HCC rup-
ures are divided into T4 stages [14]. However, some of the HCC
uptures from our patients were conﬁrmed to be less than 5 cm in
iameter, with a solitary nodule discovered by exploratory surgery;
his can be attributed to an earlier HCC stage excluding the bleed-
ng factor. Whereas most of the HCC ruptures had a larger tumor
ize, the average diameter was 9.3 cm (range 4–25) in our group
f patients. Its diagnosis is based on conventional imaging, com-
ined with acute abdominal symptoms, and diagnostic abdominal
unctures, which can often draw out uncoagulated blood from the
bdominal cavity. However, the misdiagnosis rate of this disease
s high because of symptoms related to severe abdominal pain and
hock. Therefore, the situation is difﬁcult for us to distinguish a
upture from perforation of intra-abdominal hollow organs and
cute peritonitis after an acute bacterial infection [15]. This is espe-
ially prevalent in the case of shock resuscitation, we was unable
o complete the appropriate diagnostic checks for the patient in
he permitted amount of time, thus the diagnosis was conﬁrmed
y direct emergency surgical hemostasis. Detailed consultation
n patient histories of hepatitis B, AFP examination, emergency
ltrasonography, and CT scans helped us avoid emergency misdi-
gnoses.0.089
istically signiﬁcance (P < 0.05).
Shock ﬂuid resuscitation in emergencies is a key step of
therapy. Patients admitted to hospitals were treated with fast
rehydration, anti-shock, blood transfusion, and other supporting
treatments, so that circulation could be stabilized, then transhep-
atic artery angiography and embolization (TAE) could be performed
for hemostasis immediately. The majority of these patients with
HCC ruptures could be in remission after a non-surgical treatment.
For patients with continued bleeding, emergency surgeries were
performed to stop their bleeding. Emergency hepatectomy can not
only stop bleeding immediately, but also make the radical resection
of hepatic lesions possible as well as allow for better long-term out-
comes. For patients with HCC ruptures and resectable tumors, we
cannot miss the opportunity to perform emergency surgery. There
is still a possibility of rebleeding to occur, even though the patients
have been temporarily controlled from bleeding of spontaneous
HCC ruptures [13,16], so emergency hepatectomy is a strong and
effective measure to deal with such emergencies. However, emer-
gency liver resection would be a risk for patients with relatively
poor liver function and/or severe liver cirrhosis. Tumor bleeding,
anesthesia, and surgical trauma themselves may further aggravate
liver damage. Although bleeding was  controlled in patients with
HCC ruptures, there are still possibilities for ascites and jaundice,
that may  eventually cause patient death from liver and kidney
failure [17]. Thus, DSA and TAE treatment have more advantages
during initial hemostasis in emergency procedures for patients who
have HCC ruptures, especially for high surgical risk patients. Once
initial hemostasis after active supporting therapy is achieved, the
patient will have a chance to undergo a staged hepatectomy. There
are many clinical reports [8,18,19] that the therapeutic effect on
staged hepatectomies after TAE hemostasis can be comparable to
those procedures with these kinds of elective liver resection on
non-ruptured HCC patients. This is also the best and most radical
approach for patients with HCC ruptures.
The 1-, 3-, and 5-year overall survival rates of patients with HCC
ruptures who  had staged hepatectomies were 82.8%, 55.2%, and
41.4%, respectively; the disease-free survival rates of this group
were 70.7%, 44.8%, and 27.6%, respectively. However, the 1-, 3-, and
5-year overall survival rates of the emergency hepatectomy group
were 72.6%, 41.1%, and 23.3%, respectively; the disease-free sur-
vival rates of this group were 63.0%, 26.0%, and 10.9%, respectively.
Overall survival and disease-free survival in the patients with HCC
ruptures between our staged hepatectomy and emergency hepa-
tectomy groups were signiﬁcantly different (P = 0.034, P = 0.019).
Compared with emergency hepatectomy, staged hepatectomy had
a better long-term survival rate and a much lower in-hospital mor-
tality rate. In this paper, there were no in-hospital mortalities in
the staged liver resection group. But analyzed with previous studies
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20,21], staged hepatectomy or emergency hepatectomy long-term
fﬁcacies were signiﬁcantly better than non-surgical treatments,
ncluding conservative treatments and simple TAE or TACE treat-
ents. In this group of patients with emergency liver resection,
he in-hospital mortality is still as high as 11%, which indicates
hat high risks from emergency surgery, acute liver failure, coal-
ulopathy, and the risk of multiple organ failure are difﬁcult to
void. However, our results showed the 3-year survival rate has
eached 50% on patients with HCC ruptures, but this efﬁcacy cannot
ompare with that of non-ruptured HCC patients due to under-
oing a liver rupture. Most of these patients with HCC ruptures
et follow-up examinations and show recurrence within 2 years,
ncluding a high proportion of extrahepatic recurrence, with more
han half of these patients suffering from peritoneal organs, or lung,
one, and distant lymph node metastasis. This extrahepatic recur-
ence pattern is higher than that of non-ruptured HCC patients
fter elective liver surgery. Although we had conventionally per-
ormed peritoneal lavage to clean up the abdominal cavity and
eft 5-ﬂuorouracil (500 mg)  to the abdominal cavity at the end of
he operation [12,22], high rates of extrahepatic transfer are still
nevitable.
Through the analysis of in-hospital mortality correlated with
linical and pathological data in the emergency hepatectomy group,
e found the high risk factors to a 30-day mortality of patients
fter emergency hepatectomy were INR, liver function, shock, blood
ransfusion, and aggressive treatment by emergency hepatectomy
P < 0.05). It is important to improve liver function and resusci-
ate the patient from shock before performing an emergency liver
esection. To further observe the long-term effects of patients with
pontaneous HCC ruptures after curative hepatic resection, we used
he Cox regression analysis to detect the effects. Variables that
ight affect the overall survival of patients with HCC ruptures
ere analyzed in this study. In the univariate analysis, we found
hat patients with cirrhosis, tumor sizes more than 10 cm, multi-
le tumor nodules, blood transfusion, and vascular invasions had
oorer overall survival rates than those without these variables
P < 0.05). However, in the multivariate analysis, the tumor size and
umber of tumor nodules were independent predictors of postop-
rative survival.
In summary, although emergency hepatectomy has certain
isks, it is still considered an important means of treatment for
pontaneous HCC ruptures. The key is to make a reasonable choice
epending on the patient’s health situation. When non-surgical
reatment is ineffective, surgical operations for resectable HCC
uptures, whether with emergency hepatectomy or staged hepa-
ectomy, is a life-saving and efﬁcient therapy method. After the
nitial hemostasis, staged liver resection can often allow patients to
chieve a better long-term survival rate than emergency hepatec-
omy. Since the limitation of retrospective nature of this work, the
rospective works will perform to make this work more credible
n the future.
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